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HOHENTOH  AID  ENERGY  RELAXATION  NY  AN  ELECTRON  IN  1  CRYSTAL 


III.  COMPOUND  SCATTERING  BY  OPTICAL  PHONONS  AT  LON  TEMPERATURES 


P.  A.  Kazlauskas,  I.  B.  Levinson,  G.  E.  flazhuolite 


(Received  10  Dec.  1965) 


The  coefficients  of  the  Pokker-Planck  equation  are  calculated 
during  lov-teeperature  scattering  oy  optical  phonons  for  the  randoa 
law  of  dispersion  and  for  electron  energies  up  to  the  energy  of  an 
optical  phonon. 


1.  Introduction.  The  prooaoility  of  coepound  scattering 


1  • 
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Under  conditions  when  tae  lattice  temperature  kT  is  such  less 
than  the  maximum  frequency  of  optical  phonons  h«0  the  probability  of 
emission  of  a  phonon  is  such  greater  than  the  probability  of 
absorption  of  the  phonon.  Tnerefore  absorption  is  accompanied  by 
"instantaneous  re-emission"  and  these  two  sequential  processes  nay  be 
examined  as  a  single  act  of  compound  scattering  [1,  2].  Thanks  to  the 
small  dispersion  of  optical  pnonons  the  compound  scattering  is  almost 
elastic  and  precisely  this  circumstance  makes  it  possible  to  convert 
the  integral  collision  term  or  the  kinetic  equation  from  Boltzmann's 
form  to  the  differential  fora  of  fokker- Planck.  Vhile  completing  this 
procedure  B.  Davydov  and  N.  Shnumhkevich  [2]  assumed  that  in  a 
considerable  area  of  energies  * ,  the  anisotropy  of  the 
distribution  function  is  also  small#  i.e., 

(1.1)  fit)  ”/•  («)  +/t  (*)  cos  b,  /,  (e). 

Here  p  is  the  pulse  of  the  electros#  a  is  its  angle  with  the 
direction  of  the  electrical  field.  These  assumptions  in  fact  are  not 
significant;  in  [3]  it  was  shown  that  the  coace|rt  of  compound 
scattering  is  limited  only  by  the  condition  «<*■>,,  when  the 
scattering  begins  necessarily  from  absorption  and  that  it  nay  be 
described  by  the  probability  of  compound  scattering: 


(1.2) 


»')-  /  <<y)»o+(»')  (9,  P*)  W+V.  f  ')• 
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Here  p  and  p*  are  the  initial  and  final  states  with  enerf iee  *,  *'<«*. 
p"  is  an  interaediate  state  with  an  energy  of  c'xu*.  the  lifetiee  ia 
this  interaediate  state  (due  to  eaission)  is 

<».» 

Factor  *  describes  the  absorption  transition  froa  p  to  p”,  and  9*r04*‘ 
is  the  conditional  probability  that  eaission  of  the  phonon  will  lead 
to  the  transition  froa  p"  to  the  final  point  p»  which  is  of  interest 
to  us. 


Integrating  (1.2)  with  respect  to  p*  it  is  easy  to  check  that 
the  lifetiae  of  state  p  relative  to  cob  pound  scattering  ~(p) 
coincides  with  the  lifetiae  relative  to  initial  scattering  r*  (p) ; 
this  is  physically  clear  because  1/rD  is  contributed  to  equally  by 
all  processes  of  phonon  absorption  independently  of  what  happens  with 
this  electron  following  absorption.  However,  for  other  characteristic 
tiaes  such  a  coincidence  does  not  occur. 

Subsequently  we  shall  use  an  isotropic  aodel  [4,  5].  Expanding 
the  coapound  and  regular  prooability  through  Legendre  polynoaials 
[2.7]  1,  for  the  aoaentuaa  we  find 
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(i.4)  w,  («,  o-  /  («-)  W'r  («,  o  w? («'.►')• 

«• 

It  is  not  difficult  to  chock  that  if  the  initial  probability  B 
satisfies  the  principle  cf  detailed  scattering,  then  the  latter  is 
automatically  satisfied  by  tae  compound  probability  B.  Let  ns  note 
one  nore  obvious  circumstance:  concepts  of  coapound  scattering  and 
its  probability  (1.2)  refer  not  only  to  polarization  scattering  by 
optical  phonons  PO,  examined  in  (2) ,  but  also  to  differential 
scattering  DO. 

2.  Characteristics  c £  compound  scattering. 

Below  we  calculate  values  wmcb  describe  compound  scattering  of 
an  electron.  The  sign  **  ,  which  radicates  the  coapound  nature  of  the 
scattering,  is  omitted  for  orevity. 

Be  introduce  the  following  designations: 

minimum  and  maximum  aoaentuns  of  absorbed  phonons 


(2.1) 


vr  (*)-/>  (*+*«•)-*(*), 

it  («)-p(«+ Aw.) +/>(«), 
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aoaentuas  of  aatrix  elements  of  interaction 

*(«) 

(2.2)  *.(«)-  f  dq  q*  B(q), 

«TM 


auxiliary  function 

(2.3)  A(«)=ln , 

nuaber  of  phonons  (2.4) 

*•-  «P  {  ”  Tr  }  • 

characteristic  aoaentua  and  velocity 

(2.5)  p»“p(A<o,), 

ill  other  unstipulated  designations  follow  1  and  II. 

During  calculation  of  tae  lifetime  r„  and  the  longitudinal 
relaxation  tiae  of  aoaentaa  ti;*t  the  dispersion  of  optical  phonons 
aay  be  disregarded,  i.e.,  coapouad  scattering  aay  be  considered 
elastic.  Osing  the  probability  of  transition  in  the  fora  (2.4)  1, 
calculating  the  aoaentuae  of  coapound  probability  with  (2.9)  I  and 

j 

1 

I 

| 


DOC  =  0372 


PAGJS  6 


(1.4)  and  substituting  everything  in  (3.2)  I  and  (3.5)  1,  we  find  the 
lifetime: 


(2.6) 


i 


Pit)  Vfr  +  fioj 


and  the  relaxation  tine: 

t2*7*  t1  -fa  A (*) -  vwp(«+w  ] ■ 


During  calculation  of  the  coefficient  of  energy  diffusion  D  one 
should  take  into  account  the  dispersion  of  optical  phonons  which  is 
accepted  in  the  following  fora: 

(2.8)  *»(«)  «  Ae,  - -<L , 

where  H  is  the  order  of  aass  or  the  nucleus,  considering  the 
dispersion  tera  in  the  law  oc  preservation  of  energy  and  expanding 
the  corresponding  6-functions  in  tne  probabilities  of  transitions  V* 
and  V~,  entering  into  (1.2) ,  to  the  second  order  with  respect  to 
inclusively,  we  obtain 


DOC  =  0372 


P  Jti£  7 


Compound  scattering  is  elastic  everywhere  and  satisfies  the 
principle  of  detailed  eguilinriua;  therefore  the  power  of  energy 
losses  Q  can  be  calculated  oy  direct  differentiation  using  (2.9)  and 
(1.32)  II. 

Using  the  natrix  eleaeats  from  I  and  calculating  eonentua 

it  is  possible  to  find  tne  following  expressions  for  specific 
sechasisss  of  interaction: 

DO 

PO 


For  a  parabolic  zone  tne  results  are  siaplified  soaewhat  and 

i 

(2.15)  A(e).2Arsh  (-^-)7. 

The  relaxation  tiae  r  for  a  parabolic  zone  and  the  aechanisa  PO  were 
calculated  using  aethods  of  resonance  scattering  [6].  Disregarding  of 


Z?(e)  = 


I  2n 

*  («)  h 

.)=_!_ 
'  f.  (e) 


■c*  n  »r  A-  + 

P»(e)  p*(t  +  ^0>J 

3Af» 


p  (e)  V  (t  +  /,“«) 


(CthA<*>  A  (e)  )  ]  ’ 


(2-M) 


(2.13) 
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the  virtual  transitions  leads,  m  [6],  to  a  foraula  different  fron 
(2.13)  by  the  suppleaentary  factor  2/3  in  the  right  part,  which,  as 
was  pointed  out  in  [7],  is  the  result  of  error  in  integration. 

3.  Low  energies. 


The  obtained  foraulas  are  siaplified  significantly  for  low 
energies  Let  us  note  that  in  this  case 


(3.1) 


A(e)  =  2^<f], 


(3.2) 


cth  A<e)-  xsr  y 


i. 


Using  these  foraulas  we  find  that  for  low  energies 


(3.3) 


1 - L_  _  B tN ,4*  (DO), 

x(«)  t,(c)  n  •  9  v. 


(3.4) 


-y-  Ba  N,  4*  JL  (PO), 


(3.5) 


nftN=  _J _  I  . 

"W  T,(«)  3  M' 


Tiaes  r  and  r0  in  this  case  turn  out  to  be  independent  of  t  for 
any  law  of  dispersion,  with  the  parabolic  law  of  dispersion  these 
results  coincide  with  those  obtained  in  [2].  In  this  case  it  is  also 
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convenient  to  introduce  the  relaxation  tine  r  and  fluctuation  tine  r~ 
of  energy 


(3.7) 


i  „  i  *  fro. 

t(c)  t,  3  kT 

_Jj _ 1_  j» 

T(t)  “  T,  3 


Here  e*  is  the  energy  with  vnich  £?(e)  changes  sign.  Proa  (3.6)  it  is 
evident  that  inelasticity  of  coapound  scattering  by  optical  phonons 
is  deterained  by  the  paraaeter 


(3.8) 


fro.  { mY 

kT  \  M  ) 


Let  us  note  additionally  that  the  use  of  foraulas  obtained  for 
o  in  the  entire  interval  up  to  e  =  Aw *  gives  correct  results  with 
respect  to  the  order  of  aagnitude. 


Institute  of  Physics  and  Mathematics,  Academy  of  Sciences  Lithuanian 
SSB. 
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Summary 

When  lattice  temperature  kT  and  electron  energy  e  is  lower  then  optical  phonon 
energy  fru>o,  the  absorption  of  a  phonon  is  followed  by  its  immediate  re-emission. 
These  two  scattering  acts  may  be  treated  as  a  compound  scattering,  whose  probabality 
is  given  by  (1.2)  in  terms  oi  ordinary  scattering  probability  97. 

General  formulae  are:  (2.6)  —  life  time,  (2.7)  —  momentum  relaxation  time  (longi¬ 
tudinal),  (2.9)  —  energy  diffusion  coefficient;  for  special  mechanisms:  (2.10)  and  (2.11)  — 
deformation  scattering,  (2.12)— (2.M)  —  polarization  scattering. 

For  energies  e<A«> o  (3.1)— (3.5)  are  valid.  At  such  energies  and  parabolic  band 
the  energy  relaxation  and  fluctuation  times,  given  by  (3.6)  and  (3.7)  respectively  may 
be  introduced.  The  elasticity  of  compound  scattering  is  given  by  (3.8). 
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